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FOREWORD

This report was prepared by The Dow Chemical Company
under USAF Contract No. AF{000)i9i47. The contract
was 1Initiated under Research and Development Order

No. R615-15 BA, "New Experimental Alloys by the Powder
Metallurgy Process", and was administered under the
direction of the Materlals Laberatory, Directorate of
Research, Wright Air Development Center, with Lt H. A.
Jonnson actling as projeci engineer,
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The eifect of crystal orientation on the electrical resis-
tivity of high-purity magnesium was detsrmined, The results, at 2iC,
may be represented by the equetion:

P (#) =460-05cos” &,
where @ 1is the angle botween ths he-'zonal axis and the directlon of
current flow,

The effect of temperatures on the electrical resistivity for
verying orientations was investigated, with temperature ccefficients of
.00390 and .00L08/C obtained perpendicular and parallel to the hexagonal
axis respectively for the tempereturs range of 24 to 200°C

Extruded high~purity magnesium and ZK6CA-TS alloy were stressed
in tension to various levels ana iho effect of this pre-stressing operetion
on the electrical resistivity recorded, There wes no significant chlange
in electrical resistivity st the lewele investigated for either alloy,

Apparatus for the measurement of thermal cornductivity,
electrical conductivity and linear thermai expansion have hzen purchesed

or desiomed hut

" @«ddTY 2 24 — AL .
oNna. (4

ers stlll io sithsr wWis comsiruciion or calibration stage.
The a Avantages and dieadmtéééé of electric resistence strain

gages as & method of measuring the coefficient of linear thermal expansion

are discussad,
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INTRODUCTION

This is part three of the Fianal Report on Contract Number
AF(000)-1G1U7 sponsored by the Materials Laboratory, Directorate of
Research, W.A.D.C., covering the period july 1 - December 31, 1953 and
pertaining to the determination of the physical properties of magnesium
and magnesium alloys.

During this period the major effort has been toward the
establishment of techniques and equipment for the mesaurement of
physical properties of wrought magnesium alloys with immediate interest

in the thermal expansion, thermal conductivity and electrical conduc-
tivity.

Several fundamental studies have been initiated in con-
Junction with the general physical property measurements in order to
glve a better understanding of the behavior of magnesium alloys. These
are listed below:

l. The effect of crysital orientation on the electrical
resigtivity of high-purity magresium.

2. The effect of temperature on the elactrical resistivity
of high-purity magnesium and magnesium alloys.

3. The relationship between thermal and electrical conduc-
tivities for magnesium alloys.

4. The effect of prestressing on the electrical conductivity
and coefficient of linear thermal expansion of magnesium
alloys.

SUMMARY OF EXPERIMENTAL RESULTS

1. The electrical resistivity of high-purlty magnesium
single crystals is linearly related to the square of the cosine of
the angle between the hexagonal axis and the directicn of current
flow. At 24C the electrical resistivity is 4.60 x 10-6 ohms/cm’
measured perpendicular to the hexagonal axis and .85 x 10'6 ohms/cm3
WADC TR 5u4-83 Pt 3 -1-



measured parallel to the hexagonal axis.

2. The temperature coeffliclents of resistivity for high-
purity magneslium measured perpendicular and parallel to the hexagonal

axis are 0.00390 and 0.00408&/C respectively for the temperature range
from 24 %o 200C.

3. Electric reslstance straln gages are adequate for the
measurement of thermal expansion coefficlients at room temperatures.
Values for the coefficient of thermal expansion for high-purity mag-
nesium, EK30A-T6, ZKGOA-T5 and HK31-T6 are glven in Table U,

4. Tenslle preatressing of ZKGOA alloy and high-purity
magnesium had no apparent significant effect on electrical conductivity
in the ranges of stress examinsd.

5. The electrical and thermal properties of EK30A, EK}1A,
ZKEOA and pure magnesium are given in Table 5.

6. A Bollenrath commercial dilatometer for measuring the

coefficlient of linear thermal expansion 1s in the process of cali-
bration.

7. Equipment for the measurement of thermal and electrical
conductivity at elevated temperatures 1s still in the process of
construction and calibration.

CONCLUBIONS

1. The e2lectrical resistivity of high-purity magnesium
single crystals 1s dependent on the crystal orientation. At 2UC the
relationship 18 represented by the equation//’(¢) = 4,60 - 0.75 cos® @
where # 1s the angle between the hexagonal axie and the direction of
current flow.

2. Magnesium shows rotational symmetry about the hexagoral
axisg with respect to electrical resistivity.

3. Cast magnesium shows a random orientation of crystal
growth.

WADC TR 5L-83 Pt 3 -2 -
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4. The effect of grain size on electrical resistivity is
negligible.

5. Electrical resistivity allowe a rapid determination of
crystal orientation in magnesium single crystals.

6. The temperature coefficlient of resistivity varies with
orientation in magnesium single crystals, varying from 0.00390/C

perpendicular to the hexagonal axis to 0.00408/C parallel to the
axis.

7. Although electric resistance strailn gages are adequate
for rcom temperature determlnations of the coefficlent of linear

thermal expansion, the nscessity for using selected gapges and the

time-consuming operations required make a commercial type dilatometer
more feasible.

8. Within the ranges of 12,000 to 21,000 nsi. for ZKE&EOA
alloy and 2,000 to 5,500 psi. for high-purity magnesium, prestressing
in tension has no effect on electrical conductivity.

RECOMMENDATI ONS

1. The effect of prestreasing in compression on the
electrical conductivity of high-puriiy magnesium and ZK60A alloy
should be observed because of the different mode of deformation
operative in compression.

2. Upon calibration of the dilatometric equipment similar
obgervations should be made of the effect of prestressing on the
coefficient of linear thermsal expansion.

3. A very careful investigation should be made of the
change in ¢lectirical resistivity with temperature for those single
crystals with axes nearly parallel or perpendicular to the hexagonal
axis. This should detect the sharp increase in c/a ratio at =

certain threshold temperature peculiar to the particular alloy under
investigation asa ghown by Busk(l).

WADC TR 54-83 Pt 3 -



THE EFFECT OF CRYSTAL ORTENTATION ON THE ELECTRICAL RESISTIVITY OF
HIGH-PURITY MAGNESIUM.

The effect of crystal orientation on the electrical resis-
tivity of high-purity magnesium was determined for three primary
reasons: (1) in order to verify the existing data in the literature,

(2) to obtaln a rapid method of determining the amount of preferred
orientation in wrought magnesium alloys and (3) to attempt to further
the present understanding of electrical conductivity theory in hexagonal
metals.

schm1d(2) ana Goens and Schmid(3) investigated the effect of
orientation on electrical resistivity, finding the specific electrical
conductivity of magnesium single crystals toc be linearly related to
the square or the cosine of the angle between the hexagonal axis and
the direction of current flow. Accerding to Schmid, the resistivity
at 1&8C ig 4,54 x 10-6 chma/cm? perpendicular to the hexagonal axis,
and 3.77 x 10-6 ohma/cm’ parallel thereto, and their respective
temperature coefficilents are 0.00416 and 0.00427/C. The purity of
his magnesium was reported as app:roximately 99.955.

Bridgman(u) has obtalned several of the directional properties
for high-purlty magnesium, including the electrical resistivity. He,
too, found that magnesium 4i1d not satis’y the expectations c¢f a cloase-
packed hexagonal metal, observing that the reslstance not only varied
materially with direction but, unlike almost all other non-cubic metals,
the reslistance wag greater perpendicular to the hexagonal axis. At
22.5C, Bridgman records the specific resistance as 3.89 x 10-6 ohms/cm3
paraliel to the axis and 4.60 x 10-6 perpendicular to it. The tempera-
ture coefficient of reslstance at atmospheric preszure between OC and
100C was 0.00523 and 0.00428/C respectively.

In ar effort to obtaln the highest purity material available,
the magnesium used 1in this investigation was gubmitted to four sublima-
tions in vacuo and cast under argon with a resultant purity of approxi-
mately 99.98%. Bpectrographic analyses for thils material are given in

WADC TR 54-83 Pt 3 T



Table 1. The above purity 1s by difference.

Twenty-five magnesium single crystals were grown from the
melt 1n a gradient furnace using a temperature differential to promote
nucleation at the bage of the crystal. These crystals were in the
form of one-half inch rod, approximately seven inches in length. The
high-purity material was first extruded in the form of one-half inch
rcds and then inserted in a graphite crucible for subsequent melting.
The crucibles used contalned three openings for the melting stock
enabling three sgingle crystals to be grown in an individual run. The
extruded rod was rapldly melted under argon 1in a sealed furnace and
the temperature raised to 710C, held for a short time and then allowed
to cool at the controlled rate of approximately 5C per hour. A yield
of about &0% was obtained in the production of high-purity magnesium
single crystals using this method.

The orientations of the twenty-five single crystals were
determined using the Laue back-reflection technique and were the
average of two determinations on each crystal at 90° rotation to each
other. These invariably checked within 1° when plotted stereographically.
A small amount of lineage was obgerved (as indicated by a separation of
the Laue spots) in a few of the specimens; however, close observations
of these crystals in subsequent physical property measurements disclosed
no anomalies. The basic hexagonal triangle for each crystal was plotted,
enabling a statistical calculation of the probability of growing a
magnesium single crystal of a definite orientation. Table 2 shows the
expected and obgerved distributions for twenty-five single crystals as
a function of the angle between the speclimen axis and the hexagonal
plaice. The expected frequenciee are based on the area of 10° segments
of a 3C° ssctor of a hemisphere on the reference sphere, and not on the
areas of the stereographic net, since these areas are not proportional
in any perspecitive projlection. Figure 1 shows the relation between the
expected and observed frequency of orientation. From the results
obtained 1t is observed that the orientation of a magnesium single
crystal fcrmed from the melt by the described method is purely a random

WADC TR 54-83 Pt 3 - B



function of the area of the basic hexagonal trlangie and shows no
preferred growth orientation. The "gocdness of fit" of the obgerved
curve with the expected curve was examined by the "chi-square” test.
The X2 value of 4.56, as given in Table 2, is assocliated with a
probabllity range of 0.5 - 0.75 (depending on the number of degrees of
freedom chosen) that x?2 will be at least as great or greater than the
value obtained. This indicates that the hypothesls set forth should te
accepted; i.e., that the growtn of a single crystal of magnesium by the
method described gives a random crientation of the specimen axis with
respect to the hexagonal pole in accordance with the area of the
spherical triangle on the reference aphere bounded by the hexagonal
pole, the [210] and the [100] directions.

After determination of orientations, the crystals were etched
to reduce contact resistance in the electrical measurements. A double-
Kelvin bridge was used in conjiunction with a high-sensitivity D'Argonval
type galvanometer. Previous measurements had been mads on an electronic
type galvanometer which led to excesslve scatteir in the resulting resls-
tivities. From four to six measurements were taken on each bar and the
average of these readings was used as the resistance of the bar. The
readings were taken in a constant temperature room in which the tempera-
ture was held to % 1F for the duration of measurement.

The results of this investigation are skown in Figures 2-7
inclusive. Figures 2 and 3 give the electrical resistivity, 2, and
corductivity, X, respectively at 24C, plotted against cosine?® @ where
@ is the angle between the hexagonal axls and the direction of current
flow. These plota show very little scatter with standard deviations,
o, of £ 0.01 x 10-6 onms/cm3 for the resistivity and + 0.07 x 10t
mhos/cm’ for conductivity. The resistivities L and / to the hexagonal
axis for this investigation, along *with those of Schmid(e)(B) and
Bridgman(u), extrapolated tc the constant temperature of 18C, are given

on the next page.
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51(10'6 ohme,/cmJ /éQL(IO'é ohms/cm?

This Study: L.4g £ .01 3.74 = .01
schmid (203 I, 54 3.77
Bridgman (%) 4.50 3.80

From these data i1t can be deduced that the magnesium uged
in this investigation was of sufficlently high-purity to yleld a real
difference from previous investigations.

Several attempts were made to find some correlation between
reslstivity and direction in the basal plane. It was felt that if
any effects were observed it should be for angles of § between 45 and
90°; however, the scatter in the data wes quite small and further
refinement was not possible by considering the azimuthal rotation in
the basal plane. Any azimuthal effects around the C axls, of course,
would be repeiiiive four every 60° rotation. It was not unexpected to
find no directional effects on resistivity in the basal plane since
other inveetigatore(e)(3)(5) report rotational symmetry around the
hexagonal axis. Orientation, then, with respect to electrical resis-
tivity 18 sufficiently defined by the angle @ between the hexagonal
axis and the direction of current flow. Since the extreme resistivity
values are observed parallel and perpendicular to the hexagonal axis,
the resistivity at any particular intermediate angle g 1is given by the
following expresslon:

//°(¢) =//°1ein'¢ ty‘“coa'¢
Substituting 8in2?¢ = l-cos?@ we obtain:
/7 W) =L Le (Pu - L) con®
For high-purity magnesium at 2UC this becomes:
/’(9}) = 4, 60-0.75 cos?®@

WADC TR 54-83 Pt 3 -7 =
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A possible source of error was found in the type of gpecimen
clamps used. The sample holder employed spring clampe whizh undoubtedly
incited some twinning ir the specimens. However, since subsequent
readings on the bar showed no change, it 1s safe %o assume that any
twinning which may have occurred was extremely localized in character
and caused very minor changes in reslistance which were beyond the
sensltivity of the bridge.

THE EFFECT OF TEMPERATURE ON THE ELECTRICAL RESISTIVITY OF HIGH-PURITY
MAGNESIUM,

A continuation orf the previous work was the determination of
the temperature coefficlents of realstance for magnesium single crystals
of various orientations. Ten crystals were chcsen, having coe®@ values
ranging from .00l to .990, enabling complete coverage of the angular
relationships between the hexagonal axlis and direction of current flow,
A constant temperature hath was obtained using peanut oll as the heat
exchange medium. In thie investigation an upper limit of 200C was
imposed because of the conatructlion material of the specimen holder.
Once more, a double-Kelvin btridge was employed along with a D'Argonval
galvanometer as the resistance measuring instrument.

The resultes of these measurements are shown in Figures 4, &
and 6. Figure 4 is a plot of the electrical resistivity versus tempera-
ture on a scale of sufficient size to reglister all the data points.
Figure 5 is a greatly expanded plot of Figure 4 to enable accurate
extrapolation for the determination of the OC intercept on the vertical
axis. The R, values are obtained from the intercepts in Figure 5 and
the ratio of the slope to R, glves A » the coefficient of resistivity.
The resistivity then, at any temperature in question betwean 0C and
200C 18 given by the relation: Ry = R, (1 +4AT). The values for R,
and A/ obtained in this study are given in Table 3. In Figures U4 and §
there were several duplications of orientation so that only six curves
are shown. The reaults show a small, approximately linear, change in K
with orientation, varying from 0.00390/C (6 = + 0.00003eC) perpendicular
to the hexagonal axis to 0.0040Z/C parallel thereto. THese vaiues

WADC TR 54-83 Pt 3 - 8 -



compare very favorably with Schmid's results, being on the order of
0.0002/C lower but similar in slope. Bridgman's values are considerably
higher than those of this study and of Schmid which tend to favor the
coefficients obtained in the latter two studies. These values are

recorded for comparison in Table 3.

Figure 6 is a plot of electrical conductivity versus tempera-
ture for (1) high-purlty magnesium single crystal ¢4 having a cos®d
value of .206 and an angle @ of 63° and for (2) fine-grained poly-
crystalline magnesium die castings as given by Grube and conworkere(6)(7)
(8)(9)(10) Figure 7 (after Betterton!’ ) shows the conductivity of high-
purity magnesium as a function cf grain size. The values in Figure 7
were obtained using a Biddle Ohmmeter, thus accounting for the excessive
scatter observed as compared to the results obtained utiilzing a Kelvin
Bridge. Betterton gives the standard deviation of the Biddle instrument
as 1.6 times that of the Kelvin instrument. However, statistical analysis
of the data in Figure 7 showed no change in conductivity with decreasing
grain sgize. Literature diacussions have suggested that the effect of
grain size on electrical resistivity ie negligivle. Figures ¢ and 7,
then, give further corroboration to thisg fact. The near-coincidence of
the two curves in Figure 6 gives additional experimental verification of
two cbserved phenomena; first, that grain size has little or no effect
on the electrical resistivity of high-purity magnesium and; aecond, that
_magnesium tends to grow from the melt with a random orientation. Crystal
Number 4 has an orientation of # = 63° which is very close to the median
or center of gravity value. Thia value ig @# = 60° if the only considera-
tion 1s of the area of the spherical triangle on the refecrence sphere;
that 1s, the point where it is equally probable for the specimen axis to
fall above or below this orientation with reference to the hexagonal
pole. More correctly, however, it should be atated that in a random
polycrystalline aggregate there is an average reslstivity, this valus
being based on the equation obtained from Figure 2. This average resis-
tivity value occurs where cos®@d = .666 or #§ = 35°., 1In either event, the
curve for crystal number 4 would be displaced upward a small amount.

The small discrspancy between the two curves in Figure 6 is readily
accounted feor by reference to the difference in resistivitieas of die-cast

WADC TR S5U-g3 Pt 3 = g =



and sand-cast metals. Beck(le) shows die castings average roughly
0.40 - 0.80 x 10“ mhos/cm3 legs than sand--cast material because of
porosity and density considerations. Correcting for this fact and

for the orientation deviation iroa the average value would bring the
curves into colncildence.

An investigation of the more favorably oriented crystals
should be undertaken to try to observe with resletivity measurements
the sharp change in the c/a ratio with tempsrature. Busk(l) observed
this phenomenon in high-purity magnesium near 200C. 1In order to
detect this, high sengitivity reslst.vity measurements murt be made
for every few degrees rise in temperature.

RELATIONSHIP AL A AL CO 0
MAGNESIUM ALLOYS.

Previous thermal conductivity determinations have been basged
on the conversion from electrical conductivity utilizing the Wiedemann-
Franz-Lorenz relationship. 8Since the measurement of electrical resis-
tance 18 a much more accurate measurement, entalling ccnsiderably fewer
experimental difficulties, 1t i1s advantageous to use this relationship
for thermal conductivity determinations.

Powe11(13) hasg obtained a linear relationship between the
thermal and electrical conductivities of eight magnesium ailloys at
temperatures of 50, 150 and 250C. He shows that these results cen be
represented by the equation:

K = 0.526 x 10°85T + 0.027 to within 3.5% where X is the
thermal conductivity expressed in gram-calories per gquare cm. per
second for 1 cm. thickneas and 1C difference in temperature,< isg the
electrical conductivity expressed in reclprocal ohms per cubic cm. and
T is the absolute temperature. Powell has also made an analyeis of all
existing data for the conductivities of magnesium and magnegium alloys
from which it is concluded that the equation K = 0.516 x 1086 T+ 0.022
can be uged to give an approximate value for the thermal conductivity of
such metals.

WADC TR 54-83 Pt 3 - 10 -
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Bungardt and Kallenbach{lu) also have surveyed the range of
validity and application of an expanded Wiedemann-Franz-Lorenz equation
for magnesium and magnesium alloys, concluding that the results of all
existing investigations may he expressed by the equation K N.54 x 10-8
ST+ 0.4 x IO‘uT + It jia important to observe that at rcom temperature
there is excellent agreemen®™ tetweéen Powell and Bungardt.

work in this field by attempting to obtain conclusively =2 relaticnehin
whereby the thermal conductivity of magnesium alloys may be determined
with reasonable accuracy by the measurement of electrical conductivities.

A procedure hag been adopted similar to that of Hogan and
Sawyer(15) using a modified Forbes bar lateral-leakage method. This
method has the advantage of simultaneous measurement of electrical and
thermel conductivities at a nearly constant temperature; thus, the
effect of the true internal structure on the registivity can be obsgerved
at the temperature unéder consideration. This effect 1s missed in other
methods having a large temperature gradient over the length of the
gpecimen.

At the present date, the furnace 1is completed for thease

measurements and the instrumentation 1s in progress. It 1s expected
that the apparatus will be ready for calibration in the near future.

THERMAL EXPANSION OF MAGNESIUM AND MAGNESIUM ALLOYS.

One of the most important physical properties in the determi-
nation of magnesium alloy applications is the coefficient of linear
thermal expansion. A commercial dilatometer of the Bollenrath type has
bezn obtained for the measurement of thermal dimensional changes of both
new and established magnesium alloys. This instrument has just been
received and calibration of the apparatus is now in progress.

A further interest in thermnal expansion has been kindled by
the published works of Rosenholtz and Smith(16)(l7)(ls). These paper
WADC TR 54-83 Pt 3 - 11 -



relate changes in linear expansion to internal physical phenomena and,
i turn, to useful mechanical properties. The authors found sharp
discontinuities in the thermal expansion coefficlent of pregtregsed
materials and postulate these anomaliees aa being evidence of the true
endurance 1limit, yield point or proportional 1limit depending on the type
of prestressing operation. For exemple, a dlscontinuity of 18% in the
expansion coefficient of magnesium was found when plotted against aprlied
compressive stress. The stress at the point where the dip occurs was
designated as the true yield point. A similar dip of the thermal expan-
sion coefficient 18 ouserved at the true endurance limit when the pre-
stressing operation 1s of the fatigue type. This so-called "Dilastrain'
method of determining the endurance limit of materials may have consider-
able utility since the number of stress reverssls necessary to determine
the endurance 1limit by this method is on the order of only 100,000 cycles.
A gtudy has been initiated in our laboratories to zscertein the valid

iAo

ar
vJ

ya

of these relations.

While awalting delivery of the Bollenrath dilatometer, an
investigation was started to determine the feasibility of using electrical
resistance strain gages for measuring thermal expansion. Hidnert(19) at
the National Bureau of Standards has used these successafully in meagure-
ments on glass, finding that with selected gages it is possible to attain
an accuracy near 1% of the coefficient. A constant temperature bath was
constructed and measurements made on several standard materiais. Baldwin-
Lima-Hamilton SRY4 gages, type AD-7, were used in conjunction with a
Baldwin-Lima-Hamilton SRL strein indicator. The gages werz mounted on
the specimens (1/2" rod) with Duco cement as the 2dhesive and micro-
crystalline wax or Ten-X compound used as a waterprcofing agent. Compen-
sating gages were mounted on guartz in a2 similar manner. In many cases,
faults in mounting technique or gage variation gave erroneous results.
The method wasa encouraging, however, for room temperature measurements,

but the cost and limitations of high temperature gages were prohibitive
for general use.

Figure & shows the expansion versus temperature curve for
extruded high-purity magnesium, snnealed for one hour at 300C. Thia

WADC TR 5U4--83 Pt 3 - 12 -
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cﬁrve is the result of measurements on five identical specimens and
showa a straight line relationship with very little scatter. The
departure from iinearity observed at approximately 37C is the point
where gagc slippage first occurs due to the adhesion characteristics of
the cement employed. From thie curve 1t may be seen that electric
resistance strain gages offer a reasonably accurate method of measuring
the thermal expansion coefficient of metals at rocom temperatures.
However, the method is time-consuming and heavily depenident on the
individual gage characteristics and mounting techniques which tend to
favor a more conventional type dilatometer at temperatures above 35C.

In addition to the valusas obtainea for high-purity magnesium,
the coefficlents of linear thermal expansion for cast EK30A-T4, cast
HK31-T6 and extruded ZK6OA-TS have been obtained by this method. These
values are presented in Table 4.

THE EFFECT OF PRESTRESSING ON ELECTRICAL CONDUCTIVITY.

In an effort to verify the work of Rosenholtz and Smith(l6)(17)
on the effect of prior strain history on the coefficient of linear
thermal expansion, 1t was proposed that a similar survey be made on the
electrical properties of magnesium. Rosenholtz and 8mith suggest that
other physical properties of the strained metal are affected in a manner
similar to the coefficient of expansion. Since these workers have
reported values on pure magnesium and ZK6OA-TS it was proposed that the
same alloys be used in our work,

(18)

Ore billet each of ZK60OA and sublimed, vacuum cast magnesium
was extruded into 1/2" rod. Electrical conductivity measurements were
made on 7" epecimens cut from this material. The ZK60OA alloy was then
heat treasted to the -TH condition and the hign-purity magnesium was
annealed for two hours at !50F. Upon completion of the heat treatment
the electrical conductivities of the specimens were again measured.

Sixteen specimens of each alloy were then stressed in tension
over a rangé which was thought to include the proportioral 1imi% of the
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material. The ZK60A alloy was streased from 12,000 to 20,000 psi. in
incrementa of 500 psi. The pure magnesium specimens were atressed in
duplicate from 2,000 to 5,500 psi. in increments of 500 psi.

Figures 9 and 10 show the electrical conductivity plotted as
a functicn of applled stress for these magnesium alloys. The dashed
lines in these graphs give the upper and lower limits of scatter, being
plus or minus three times the root-mean-square deviation (% 30 ). It
is observed that in none of the cases is a 30 1llmiv exceeded with the
resultant conclusion that in the alloys investigated prestrc<ssing in
tensiecn has no effect on the electrical conductivity over the range
shown. 1In Figure 10, the change in conductivity that occurs upon
atressing in tensicn ia plotted against stress and once more no datum
point exceeds * 30 . There i1s an overall change in the mean (X) of
these values (22.13 to 22.09 . lOu mhoa/cm3) but this 1s 1lnsignificant
when the RMS deviation of 0.08 x 10u mhoa/cm3 18 congidered.

S8imiiar measurements had been made originally with an
electronic galvanometer cbiaining the same results as above on speclmens
having identical treatment. The present readings were made using a
Leeds and Northrup high sensitivity galvan<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>